and in histochemical analysis [1, 2, 9, [11] [12] [13] [14] [15] 17, 18] .
We examined five nucleic acid binding dyes, propidium iodide, SYBR Green I, YO-PRO-1, TOTO-3, and TO-PRO-3, for nuclear DNA staining for use in fluorescence and laser conf ocal microscopy [20] . In this study we screened 20 nucleic acid-specific dyes for use in nuclear staining in laser confocal microscopy. 
iodide (YO-PRO-3), TOTO-3 iodide (TOTO-3), and TO-PRO-3 iodide (TO-PRO-3) were products of Molecular Probes (Eugene, OR, USA). Propidium iodide (PI) was purchased from Wako (Osaka, Japan).
FITC (fluorescein isothiocyanate)-conjugated goat anti-rabbit IgG and TRITC (tetramethyl rhodamine isothiocyanate)-conjugated goat anti-rabbit IgG were from Jackson Immunoresearch Laboratories (West Grove, PA, USA).
In-gel assay
Assay of fluorescent dyes in gel was carried out essentially as described [20] . In short, 8% polyacrylamide gel sheets (0.2 mm thick) in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) containing 300 cg/ml of herring sperm DNA were prepared.
Gel sheets with or without DNA were cut into small pieces and incubated overnight with fluorescent dyes at 2 ACM except for SYBR Green I
(1:10,000 dilution) and PicoGreen (1:500 dilution). Polyacrylamide gel sheets containing 2.8 pg/ml of FITCconjugated goat anti-rabbit IgG or 3.0 pg/ml of TRITCconjugated goat anti-rabbit IgG were also prepared for the bleaching assay. Gels were mounted with TE buffer or glycerol, and observed with a laser confocal microscope as mentioned below.
Cell nuclear staining assay MDCK cells were maintained in Dulbecco's modified Eagle's medium (DMEM; GIBCO-BRL, Gaithersburg, MD, USA) supplemented with 10% (vol/vol) fetal bovine serum as previously described [19] . For laser confocal microscopy, MDCK cells grown on cover slips were fixed with 1% acetic acid/ethanol on ice for 5 min. Fixed cells were washed with phosphate-buffered saline (PBS), incubated with either BO-PRO-1 (2 pM), YO-PRO-1 (2 pM), SYBR Green I (1:10,000 dilution), PicoGreen (1: 500 dilution), SYTOX Green (10 pM), TO-PRO-1 (2 pM), POPO-3 (2 pM), PI (3 pM), YO-PRO-3 (2 pM), TOTO-3 (2 pM), or TO-PRO-3 (2 pM) for 1 hr and then mounted with glycerol.
Laser Confocal Microscopy
Fluorescence-stained gels or cells were analyzed by an epifluorescence microscope (BX-50; Olympus, Tokyo, Japan) equipped with a laser confocal system (MRC-1024; Bio-Rad Laboratories, Hercules, CA, USA), comprising a 15 mW krypton/argon (Kr/Ar) laser (488-, 568-, and 647-nm excitations are possible) and three photomultiplier tubes with 522DF35, 585EFLP, and 680DF32 emission filters [20] . Image processing was carried out with LaserSharp computer software (Bio-Rad Laboratories). POPO-1, PO-PRO-1, BOBO-1, BO-PRO-1, YO-PRO-1, SYBR Green I, PicoGreen, SYTOX Green, TOTO-1, TO-PRO-1, and FITC were observed with 522DF35 emission filter under 488-nm laser illumination.
POPO-3, PI, EH-2, PO-PRO-3, BOBO-3, BO-PRO-3, YOYO-3, YO-PRO-3, and TRITC were observed with 585EFLP emission filter 
III. Results and Discussion
Of twenty dyes screened for the fluorescence intensities in DNA gels, eleven gave sufficient fluorescence, and were used for further examination (Table 1) . YO-PRO-1 and SYTOX Green emitted bright fluorescence among green fluorochromes, YO-PRO-1, SYBR Green I, PicoGreen, SYTOX Green, and TO-PRO-1 ( Table 1 , Fig.  1-a, b) . Bleaching speeds of these two dyes were slower than that of FITC (Fig. 2a) . When MDCK cells were stained with these dyes, SYBR Green I, PicoGreen, and SYTOX Green specifically stained the nuclear DNA (Fig.  3) . YO-PRO-1 and TO-PRO-1 stained nuclear DNA with weak co-staining of the cytoplasmic RNA. BO-PRO-1 stained the cytoplasmic and nucleolar RNAs as well as nuclear DNA. YO-PRO-1 intensely stained the nuclear DNA, but slightly co-stained RNA. Therefore pre-treatment of the specimens with RNase [19, 20] is recommended for specific nuclear staining with YO-PRO-1.
BO-PRO-1 with shorter excitation wavelength seems to be unsuitable at 488-nm excitation (Fig, la) . These observa- tions show that YO-PRO-1, SYBR Green I, and SYTOX Green are relatively suitable for cell nuclear staining. Red fluorochromes, POPO-3, PI, and YO-PRO-3 gave sufficient fluorescence intensity to observe under the current condition (Table 1, Fig. lc) . Bleaching speed of the PI was slower than that of TRITC (Fig. 2b) . POPO-3 gave similar bleaching characteristics to TRITC. YO-PRO-3 faded out rapidly. In MDCK cells both PI and YO-PRO-3 stained cell nuclei, but PI co-stained cytoplasmic and nucleolar RNAs (Fig. 3) . Although YO-PRO-3 exhibited high DNA specificity and fluorescence intensity, its fluorescence faded rapidly under laser illumination. PI showed advantage in bleaching speed but RNase treatment is required for specific nuclear staining [20] . Although POPO-3 stained DNA in the gel (Fig. lc) , it preferentially stained the cytoplasmic and nucleolar RNAs. It may effectively stain the soluble DNA, but may not be suitable for staining the compactly packaged nuclear DNA associated with nuclear proteins.
Far-red fluorochromes, TOTO-3 and TO-PRO-3, gave sufficient fluorescence intensities ( Table 1 , Fig. 1 ).
TO-PRO-3 faded relatively rapidly under laser illumination (Fig. 2c) . When MDCK cells were stained with these dyes, TO-PRO-3 specifically stained the nuclear DNA with slight co-staining of the cytoplasmic RNA. TOTO-3 strongly stained the cytoplasmic and nucleolar RNAs with weak staining of the nuclear DNA (Fig. 3) . When cultured cells or thin sections stained with TO-PRO-3 were examined, bleaching of the fluorescence of nuclei was so rapid that serial optical sectioning was hard to perform [20] . Staining specimens with TOTO-3 pretreated with RNase resulted in specific nuclear staining, which withstood the multiple scanning in laser confocal microscopy [19, 20] .
We examined the effect of glycerol as a mounting medium on fluorescence intensity and bleaching characteristics.
Fluorescence intensities of most fluorochromes were increased by mounting with glycerol (Fig.  1) . The increase in fluorescence intensity was remarkable in YO-PRO-1, SYTOX Green, POPO-3, PI, YO-PRO-3, and TO-PRO-3.
Moreover, glycerol retarded the fluorescence bleaching in SYBR Green I (Fig. 4) and PicoGreen (data not shown).
Such retardation of photobleaching in glycerol was not observed in TO-PRO-3 (Fig. 4) . These results show that glycerol mounting is not always suitable for laser confocal microscopy. Recently many new nucleic acid-binding fluorescence dyes have been developed and are available with a variety of properties in maximal excitation/emission wavelength, DNA/RNA specificity, fluorescence intensity, and bleaching characteristics.
Further, mounting media may greatly affect these properties.
Fluorescent dyes for nuclear counterstaining in laser confocal immunofluorescence microscopy should be selected by comparing these characteristics (Table 1 
